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Subperitoneal  capillaries  and  lymphatics  are  the  two  known 
channels  of absorption  from  the  peritoneal cavity.  The mechanism 
of  the  route  first mentioned  has  been  clarified largely by  the  work 
of Starling and Tubby  1 but  that of the lymphatic path still remains 
obscure. 
Danielson,  2 1907, found that colloids are taken up by the lymph channels and 
transported  through the  thoracic duct while  crystalloids are absorbed by the 
capillaries.  Since bacteria belong to the class of colloids it has been assumed that 
they are absorbed by the lymphatics and carried along the thoracic duct into the 
general circulation.  Even before the work of Danielson,  Noetzel,  ~ 1898, ligated 
the  thoracic duct in  animals  and  attempted  to  produce peritonitis by intra- 
peritoneal injections of virulent staphylococci.  He found that the animals with 
the ligated thoracic duct, as well as the controls with the intact duct, survived the 
intraperitoneal injection of the bacteria.  This work was not conclusive because 
Noetzel failed to produce fatal peritonitis in his animals.  Costain, 4 1922, tied 
the appendix and the mesoappendix in dogs, ligated the thoracic duct, and pro- 
duced a  fistula by puncturing  the duct below  the ligature.  He reported the 
recovery of some of the animals  from what he assumed  to be an otherwise fatal 
peritonitis resulting from the ligation of the appendix and the mesoappendix. 
The study here presented was undertaken to determine (1) whether 
or  not  an  animal  with  an  experimentally  produced  and  ordinarily 
fatal  peritonitis  can  be  kept  alive  by  the  drainage  of  the  thoracic 
* Fellow in Medicine of the National Research Council. 
1 Starling, E. H., and Tubby, A. H., J. Physiol., 1894, xvi, 140. 
2 Danielson, W.,  Beitr. klin. Chir., 1907, liv, 458. 
3  Noetzel, W., Arch. klin. Chlr., 1898, Ivii, 311. 
4 Costain, W. A., Canad. Med. Assn. J., 1922, xii, 789. 
83 84  DRAINAGE  OF  THORACIC  DUCT  IN  PERITONITIS 
duct,  and  (2)  whether  or  not  bacteria  are  transported  through  the 
thoracic  duct  into  the  general  circulation.  To  accomplish  these 
ends it was necessary to  establish  a  satisfactory method  for a  con- 
tinuous  drainage  of the  thoracic  duct  and  to  be  able  to produce  a 
regularly fatal peritonitis in dogs, which were the animals  of choice. 
Drainage of the Thoracic Duct. 
Drainage  of that  part  of  the  thoracic  duct within  the  chest  was 
considered,  but  discarded  because  in  addition  to  the  objections  to 
direct  drainage  mentioned  below,  it  exposed  the animal  to  greater 
operative  hazards.  Ligation  of  the  thoracic  duct  as  practiced  by 
Noetzel and  later  by Costain  seemed unsatisfactory  because of  the 
inability  to collect uncontaminated  lymph for bacterial  examination 
or to obtain information  upon the constancy or amount of drainage, 
or the  fate of the lymph owing to the  circumstance  that  it  drained 
into  the  wound  of  the  tissues  of  the  neck.  A  more  satisfactory 
method is to  drain  the  thoracic  duct either  directly or through  the 
veins  into  which  it  enters.  Jappelli 5 in  studying  lymph  pressure 
inserted  a  cannula  directly into  the  thoracic  duct near  its  entrance 
into  the  external  jugular  vein.  This  method  was  tried.  Several 
difficulties were encountered  in  this  procedure.  The  lymph  clotted 
very rapidly,  and it was found impossible to change the  tubes or to 
cleanse  them  without  mutilating  the  duct.  In  a  prolonged  experi- 
ment where an uninterrupted  flow of lymph is essential  such a  pro- 
cedure was found inadequate. 
JappellP and Lee  7 in further  studies on lymph pressure ligated the 
innominate,  subclavian,  and  internal  jugular  veins  and  obtained 
lymph pressure readings by connecting a  manometer with the exter- 
nal  jugular  vein.  This  method,  somewhat  modified,  is  the  one  I 
have employed to secure a continuous flow of lymph from the thoracic 
duct.  Since little information  could be gathered  from the literature 
concerning  the  effect  of  thoracic  duct  drainage  upon  the  general 
condition  of  the  dog,  observations  were  made  on  the  "draining 
animals"  and for some period of time after the drainage  had  ceased. 
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Technique of Indirect Drainage. 
The animals were given 1 pint of milk 2 hours prior to the operation in order to 
facilitate the identification of the duct.  All other food except water was with- 
drawn  about 12  hours before the operation.  Ether anesthesia was used.  The 
animals were kept under ether 1½ hours at the most, the actual operation occupy- 
ing from  30  to  45  minutes.  A  curved  incision was  made with  the  convexity 
directed medially from the middle of the medial border of the sternocleidomastoid 
muscle to the junction of the outer and middle thirds of the clavicle.  The external 
jugular was dissected out to its junction with the internal jugular, all tributaries 
being ligated.  At this juncture the thoracic duct could be recognized as it enters 
at the junction of the external and internal jugulars along the posterior and lateral 
aspect of the former.  With the duct identified, the internal jugular was ligated 
and another ligature placed immediately beyond the duct in front of the subclavian 
vein.  Occasionally, the duct joined the external jugular at the point of entrance 
of the subclavian, which  necessitated the ligation of, the  innominate and sub- 
clavian veins  individually.  A  small buttonhole  incision  corresponding  to  the 
diameter of the lumen of the external jugular was made in the skin.  The free 
end of the cardiac portion of the external jugular was sutured to the buttonhole 
skin incision so that a fistula with a continuous endothelial lining was established, 
which reduced clotting appreciably.  The insertion of a  short cannula improved 
the drainage.  The removal of the cannula for cleansing was effected with ease. 
The indirect lymph drainage was established in four dogs.  One 
animal drained for 5 days, the other three for 2 days.  One died on 
the 3rd day of pneumonia.  The cessation of the external drainage 
of lymph was due to the necrosis of the vein segment sutured to the 
skin.  The  animals did  not  show  any untoward symptoms during 
the period of drainage nor after the flow of lymph had ceased. 
Induction of Peritonitis. 
Noetzel injected virulent bacteria into the peritoneal cavity; Costain tied the 
appendix and its blood supply to induce a fatal peritonitis.  I  tried both methods 
and failed to secure fatal peritonitis.  Recently, Lehman and Copher s repeated 
Costain's  experiments  by  ligation of  the  appendix  and  the  mesoappendix on 
fourteen animals and reported four recoveries. 
Benians 9 produced fatal peritonitis in rabbits by the combined intraperitoneal 
injection of gum tragacanth and B. coli.  This procedure was tested and it was 
found that 20 cc. of a 5 per cent suspension of gum tragacanth in distilled water 
s Lehman, E. P., and Copher, G. H., Arch. Surg., 1925, x, 742. 
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and 20 cc. of a 24 hour broth culture of B. coli (isolated from a fatal case of human 
peritonitis and passed through a  guinea pig, two cats, and  two dogs)  were  the 
minimum quantities necessary to produce a  fatal peritonitis in a  dog weighing 
10 kilos, death ensuing from 16 to 26 hours after the injection. 
Six animals were injected with the quantities given above of gum  tragacanth 
and B. coli and they all died from 16 to 24 hours after the injection.  The autopsies 
upon the animals revealed an intense peritonitis with hyperemia of the visceral 
and parietal peritoneum, omentum, and diaphragm, a fibrinous exudate, and from 
150  to 250  cc. of a  viscid, red fluid containing erythrocytes, leucocytes, and B. 
coli.  The  abdominal  organs  showed  cloudy  swelling;  cultures  of  the  heart's 
blood were negative.  Control animals that were injected with gum tragacanth 
alone and with a broth culture of B. coli alone did not succumb. 
Induction of Peritonitis and Drainage of the Thoracic  Duct. 
Peritonitis  was  induced  by  the  injection  of  gum  tragacanth  and 
Bacillus coli as described above.  The  thoracic duct was drained  by 
the method already given.  In two animals  blood cultures from the 
femoral  vein were  taken  simultaneously  with  lymph  cultures.  For 
each animal that was drained a  control was used. 
Four animals  whose ducts were drained  died from  7½ to  10 hours 
after the intraperitoneal  injection of the gum tragacanth  and Bacillus 
coli.  From  1 to  6½ hours were allowed to  elapse after  the  comple- 
tion of the operation before the intraperitoneal  injections were made. 
The peritoneal cavity in these animals revealed an intense peritonitis 
but with  very little  free fluid.  The  blood cultures  taken  from  the 
femoral vein in  two animals  were negative for the bacteria  injected 
into  the  peritoneal  cavity.  Neither  smears  nor  cultures  of  the 
lymph  taken  at  frequent intervals,  except two  cultures  in  one  dog, 
revealed  Bacillus  coll.  Of  the  four  controls  two  survived.  The 
two controls that  succumbed died  17 hours after the intraperitoneal 
injections.  Both  revealed  practically  the  same  peritoneal  condi- 
tions  as the  drained  animals  except for the presence of a  free peri- 
toneal fluid in quantities of 250 cc. 
DISCUSSION. 
The  drainage  of  the  thoracic  duct  of  itself  did  not  lead  to  any 
apparent  ill  effects.  There  was  no  appreciable  loss  in  weight  or 
strength.  The flow of lymph varied from 9  to  15  cc. per hour,  the BERNHARD  STEINBERG  87 
quantity depending upon the nourishment received and the activity 
of  the animal.  The character of the lymph varied  from  a  viscid 
milky white to a  thin, red-tinged or clear fluid. 
The resistance of dogs  to peritoneal infections is remarkable.  In 
some preliminary experiments the ligation of the appendix and the 
mesoappendix resulted in  a  peritonitis which was usually localized 
and  not  necessarily fatal.  The  introduction  of  highly pathogenic 
microorganisms into the peritoneal cavity sometimes induced a mild 
peritonitis but did not produce fatal results.  The reason for a  fatal 
termination when employing a mixture of gum tragacanth and micro- 
organisms is,  according to Benians, the protective covering that the 
gum offers  the bacteria.  He found that  the bacteria embedded in 
gum preserved their vitality for several weeks.  The failure of two 
of my controls to succumb to the tragacanth and Bacillus  coli mix- 
ture may be due to the unusually slight virulence of the bacteria or 
to an individual resistance of the animals. 
Drainage of the thoracic duct did not save from peritonitis other- 
wise fatal.  In fact the draining animals lived for a smaller number 
of hours than the controls.  That, however, may be  ascribed to  the 
operative  trauma  and  etherization.  Lehman and  Copher  reached 
such a  conclusion  in  their experiments in which they repeated the 
methods employed by Costain. 
The work was undertaken on the assumption that bacteria or their 
products  enter  the  lymphatics  and  are  transmitted  through  the 
thoracic duct into the blood.  It was further assumed that death in 
peritonitis is  due  to  the invasion of  the  circulation by bacteria  or 
their  products.  The  latter  assumption  has  not  yet been  proved. 
The finding of bacteria in the  blood  of  animals with peritonitis by 
some investigators and the failure to do so by others may be due to 
differences in the species  of animals employed.  Observations were 
made, which will be published elsewhere, on rabbits, whose peritoneal 
resistance  to  infections  is  comparatively  low;  and  bacteria  were 
found in their blood while in the case of cats and dogs,  whose re- 
sistance is higher, bacteria were not recovered. 
The  recent work  of  Bolton,  ~°  1921, on  peritoneal  absorption  of 
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dyes throws some doubt on whether the thoracic duct is of any con- 
sequence in draining the peritoneal cavity.  He  arrives at  the con- 
clusion that the peritoneal cavity is drained primarily by the right 
lymphatic duct and only to a small extent by the thoracic duct.  He 
further concludes that  colloidal dyes and bacterial products of not 
too great molecular complexity may be  absorbed directly into  the 
blood from the peritoneal cavity while colloids of greater molecular 
weight are taken up by the lymphatics. 
CONCLUSIONS. 
1.  When  care  is  taken  to  produce a  peritonitis,  which ifl  itself 
is almost uniformly fatal, drainage of the thoracic duct in dogs has 
no favorable influence upon the course or result of the peritonitis. 
2.  Under the conditions of my experiments the thoracic duct did 
not  serve  in  any important way  as  a  drainage  tract  for  bacterial 
contamination of the peritoneal  cavity. 
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